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varieties	 conserved	 in	 germplasm	 banks	 (Vega-	Galvez	 et	al.,	 2010).	
Quinoa	has	 an	extreme	agro-	ecological	 adaptability:	 It	 can	be	 culti-
vated	both	 in	 cold,	highland	climates,	 and	 in	 subtropical	 conditions;	
from	 sea	 level	 to	 above	 4000	m	 of	 altitude	 (Miranda	 et	al.,	 2012;	





The	 extension	 of	 the	 global	 cultivation	 and	 uses	 of	 quinoa	
could	be	 advisable,	 because	 the	 grains	 are	highly	 nutritious	having	
exceptional	 protein	 quality	 and	 a	wide	 range	 of	 vitamins	 and	min-
erals.	Quinoa	protein	has	a	balanced	amino	acid	composition	being	
rich	 in	 essential	 amino	 acids	 such	 as	 lysine	 (5.1–6.4%)	 and	methi-
onine	 (0.4–3.1%).	 The	 total	 dietary	 fiber	 content	 of	 quinoa	 grains	
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(average	 of	 4.1%)	 compares	 favorably	 with	 those	 of	 wheat	 (2.7%)	
and	 corn	 (1.7%).	 Moreover,	 the	 amounts	 of	 calcium,	 magnesium,	
iron,	 and	 phosphorus	 (especially	 calcium	 and	 iron)	 are	 significantly	
higher	 than	 in	most	other	 cereals	 (Bhargava,	Shukla,	&	Ohri,	2006;	













Due	 to	 the	 high	 nutritional	 value,	 good	 agro-	ecological	 adapt-
ability	and	low	water	requirements,	quinoa	has	lately	received	a	lot	
of	 attention,	 and	 several	 projects	 on	 a	 sustainable	 production	 are	
ongoing,	 to	 improve	 nutrition	 and	 to	 increase	 food	 security	 and	

















processed	 foods	 (Ahamed,	 Singhal,	 Kulkarni,	 &	 Pal,	 1996;	 Bhargava	
et	al.,	 2006;	 Diaz	 et	al.,	 2013;	 Giuliani	 et	al.,	 2012).	Although	 there	
are	many	quinoa	varieties,	 the	variety	mostly	exported	or	cultivated	
in	Europe	nowadays	is	the	“quinoa	Real”.	It	is	a	colorless	grain	(creamy),	





new,	 healthier	 and	more	 nutritious	 food	products,	 this	 study	 aimed	
at	developing	a	quinoa-	based	fermented	beverage.	The	fermentation	
process	 during	 the	 preparation	 of	 the	 drink	was	monitored	 as	well	
as	 the	metabolic	 activity	during	 the	 fermentation	and	 storage	time.	
Moreover,	the	preliminary	acceptability	of	the	drink,	by	voluntary	pan-
elists,	was	evaluated.
2  | MATERIALS AND METHODS
2.1 | Raw materials and nutritional composition



















2.2 | Bacterial strains and culture conditions
Three	bacterial	strains	were	used	as	starter	culture	for	the	fermenta-
tion	of	the	quinoa-	based	fermented	beverage:	Lactobacillus plantarum 
Q823,	 Lactobacillus casei	 Q11,	 and	 Lactococcus lactis	 ARH74.	 They	
were	selected	for	their	diverse	technological	and	functional	properties	
(Ruiz	Rodríguez	et	al.,	2016),	L. plantarum	being	a	potential	probiotic	









Quinoa	 seeds	 were	 separated	 from	 impurities	 (leaves,	 stones,	 etc.)	





For	 the	 processing	 of	 the	 fermented	 quinoa-	based	 beverage,	
quinoa	 flours	 (each	 variety	 separately)	were	 mixed	with	water	 at	 a	
concentration	 of	 15%	 (w/v)	 (the	 experimentally	 selected	 minimum	
concentration	 required	 to	 prevent	 syneresis).	 The	 resulting	 quinoa	
%saponin=0.646[heightoffoam(cm)]−0.104∕sample�sweight(g)∗10
604  |     LUDENA URQUIZO Et AL.
slurries	(250	ml)	were	then	gelatinized/pasteurized	(95°C	for	10	min)	
and	cooled	down	to	ambient	temperature	before	the	start	of	fermen-






















2.5 | Metabolic activity during fermentation
The	metabolic	activity	of	the	fermented	beverage	was	monitored	by	
measuring	the	amounts	of	glucose,	maltose,	and	sucrose,	as	well	as	















similar	 fashion	 except	 that	 the	Carrez	 reagents	 and	 subsequent	 pH	
adjustments	were	omitted.
The	CE	instrument	used	was	P/ACE	MDQ	capillary	electrophoresis	





disodium	hydrogen	 phosphate	 (Na2HPO4,	MERCK)	 at	 pH	12.6.	The	
separations	were	 undertaken	 at	 16°C	 in	 uncoated	 fused-	silica	 cap-
illary	with	 I.D.	 of	 25	μm	and	 total	 length	 of	 40	cm	 (effective	 length	
of	30	cm).	Separation	voltage	was	12	kV.	Standard	solutions	of	D(+)-	
sucrose	 (VWR),	 D(+)-	maltose	 (Sigma-	Aldrich,	 Steinheim,	 Germany),	
D(+)-	glucose	 (VWR),	 and	 samples	were	 introduced	 to	 capillary	with	
pressure	injection	of	0.5	psi	for	10	s.
Buffer	system	of	BIS-	Tris/Pyridine	dicarboxylic	acid	 (pH	6.5)	and	
Tris/Pyridine	 dicarboxylic	 acid	 (pH	 8.1)	 by	 Analis	 along	 with	 their	
method	 (CEofix	 KIT,	Anions	 8)	were	 used	 to	 analyze	 organic	 acids.	
Uncoated	 fused-	silica	 capillary	 with	 I.D.	 of	 75	μm	 and	 total	 length	
of	 60	cm	 (effective	 length	 of	 50	cm)	 at	 a	 temperature	 of	 20°C	was	
employed.	 Before	 runs,	 capillary	 was	 conditioned	 with	 the	 buffers	
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bilberry	and	3%	of	 sugar),	 and	PK	mixed	with	dark	chocolate	 (12%,	





The	 experimental	 data	 were	 evaluated	 using	 analysis	 of	 variance	




3  | RESULTS AND DISCUSSION
3.1 | Nutritional and functional differences between 
quinoa varieties
The	 superior	 nutritional	 value	 of	 quinoa	 compared	 to	 many	 other	
cereals	 or	 grains	 is	well	 documented	 (Bhargava	 et	al.,	 2006;	 Comai	
et	al.,	2007;	Vega-	Galvez	et	al.,	2010).	However,	the	nutritional	com-
position	of	quinoa	varieties	may	differ	considerably	(Repo-	Carrasco-	
Valencia,	 Hellstrom,	 Pihlava,	 &	 Mattila,	 2010).	 Although	 adequate	
comparative	 studies	 in	 this	 respect	 have	 apparently	 not	 been	done	







The	 quinoa	 flours	were	mixed	with	water	 at	 a	 concentration	 of	
15%	 (w/v).	 This	 concentration	 was	 assessed	 beforehand	 (data	 not	
shown)	 and	 it	was	 the	minimum	concentration	 required	 to	obtain	 a	
drink	without	 syneresis	 (water	phase	 separation)	during	 the	 storage	
time	 for	 both	 varieties.	 However,	 the	 viscosities	 of	 the	 flour-	water	













The	 pH	 decreased	 and	TTA	 increased	 significantly	 in	 the	 drinks	
as	a	result	of	the	fermentation.	Fermented	beverages	require	acid	pH	
(4.0–4.5)	 in	 order	 to	 survive	 storage	 (Gupta,	 Cox,	&	Abu-	Ghannam,	










3.2 | Bacterial strains, growth, and viability
















Rosada de Huancayo Pasankalla
Moisture 10.52 ± 0.05a 10.61 ± 0.00b
Protein	(N	×	6.25) 12.75 ± 0.01a 14.08 ± 0.27b
Fat 5.18 ± 0.12a 5.07 ± 0.06a
Crude	fiber 2.70 ± 0.03a 2.83 ± 0.07b
Ash 2.51 ± 0.07a 2.29	±	0.05b








L. lactis	 ARH74	was	 lost	 during	 the	 storage	time	 (data	 not	 shown).	
The	use	of	PK	or	RH	variety	did	not	significantly	affect	the	growth	or	
	viability	of	the	strains.




previously	 reported	 that	L. plantarum	Q823	can	survive	 the	passage	
through	the	human	intestinal	tract	and	thus,	be	a	potential	probiotic	










prove	 texture,	 structure,	 nutritional	 value,	 staling	 rate,	 and	 shelf	
life	 of	 food	 products.	 These	 qualities	 are	 associated	 with	 the	
TABLE  2 Changes	in	the	pH,	total	titratable	acidity	(TTA),	and	viscosity	during	the	fermentation	and	storage	of	the	quinoa-	based	beverage
Days
pH TTA* Viscosity (Pas)
RH PK RH PK RH PK
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
0† 6.47a 0.07 6.47a 0.07 2.20a 0.10 2.25a 0.15 53.79a 11.47 28.48a 1.89
0.25‡ 4.20b 0.20 4.39b 0.01 7.70b 0.20 7.30b 0.10 36.76ab 16.27 21.76ab 2.74
1 4.09b 0.11 4.28bc 0.08 8.25bc 0.25 7.90b 0.10 25.90ab 17.71 17.49bc 3.93
12 3.84b 0.16 4.14bc 0.04 9.25bc 0.25 8.35b 0.45 14.97b 10.31 12.73c 4.26
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production	 of	 organic	 acids,	 exopolysaccharides,	 aroma	 com-




The	 concentration	 of	 glucose,	 sucrose,	 and	 maltose	 before	 fer-



















3.4 | Preliminary organoleptic acceptability of the 
final products
The	organoleptic	 acceptability	 of	 four	 final	 products	was	 evaluated	
(Table	3).	RH	and	PK	were	not	well	received	as	such	due	to	the	char-
acteristic	sour	 taste.	However,	 the	acceptability	of	 these	beverages	










A	 fermented	 quinoa-	based	 beverage	 was	 successfully	 developed.	
Rosada	de	Huancayo	(RH)	and	Pasankalla	(PK)	can	both	be	considered	
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